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ARTICLE INFO ABSTRACT
Keywords: Heteroaggregation of preformed nanocrystals used as building blocks is an interesting approach for the synthesis
Composite of heterostructures since it is possible to retain the main surface characteristics of the materials. In this paper, we

Titanium dioxide
Bismuth vanadate
Interface
Photodegradation

studied the synthesis of a heterostructure consisting of monoclinic BiVO4 and anatase TiO, phase for photo-
catalytic application. The heterostructures were synthesized using the building blocks technique with different
TiO2/BiVO4 molar ratios under hydrothermal treatment. The effectiveness of heteroaggregations formation re-
sults in more photoactive catalysts due to the possibility of electron transfer between the materials. Methylene
Blue (MB) solutions were decolorized under ultraviolet and visible radiation to evaluate the samples’ photo-
catalytic activity. As a result, the as-synthesized samples presented higher photocatalytic efficiency than pristine
anatase TiO, and m-BiVO4 precursors. The increase of the photocatalytic properties is mainly attributed to the
separation of the photogenerated charges, which is the central feature of heterostructures formed due to the
collision of the particles during hydrothermal treatment.
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F.C. Soares et al.
1. Introduction

In the past few decades, intensive research has been devoted to the
heterogeneous photocatalysis process because of its promising potential
for environmental pollution remediation applications [1-5]. In this
process, semiconductors are exposed to light irradiation, inducing the
formation of photogenerated electron-hole pairs capable of directly or
indirectly degrading contaminant species [6-8].

The anatase TiO3 is the pioneer of the semiconductor employed in
the photocatalysis process. It is highlighted due to its high physical and
chemical stability, low cost, and nontoxicity characteristics [4,9-11].
However, its large bandgap value of 3.2 eV is considered a limitation for
large-scale applications using sunlight [11,12]. Conversely, the mono-
clinic BiVO4 has the desired visible-light-responsive bandgap of 2.4 eV
but with a fast electron-hole pairs recombination rate and poor photo-
catalytic activity [13,14].

An interesting approach for improving the properties of a catalyst is
creating heterostructures composed of multiple semiconductors
[15-20]. When an interface is created between two semiconductor
surfaces with divergent bandgap values, the photogenerated charges can
migrate to the conduction and valence bands of neighboring semi-
conductor particles. This electron-hole pair dispersion increases their
lifespan, and, consequently, the photocatalytic efficiency is improved
[6,21,22].

Although the formation of heterostructures is a feasible patch, the
selection of the materials and methodology must be thorough to effec-
tively induce the movement of the photogenerated charges in the
interfacial region to the next semiconductor bands [23]. In this scope,
the building blocks technique was proposed to assemble the hetero-
structures through particle coalescence [6,24,25]. This mechanism is
usual in forming anisotropic crystals and is an interesting route for
preparing complex-shaped nanostructured materials as heterostructures
[26,27].

The obtainment of heterostructures by the building blocks technique
is yet a challenge. The possibility of homoaggregations shall be
considered and minimized since it would have a deleterious outcome on
the photocatalytic activity of the material. The formation of homoag-
gregations reduces the available surface area for the photocatalytic
process and creates recombination sites for the photogenerated charges
on the interface of the aggregated particles.

To maximize the formation of heteroaggregations, a fine control of
the synthesis parameters is required, i.e., the proportion of reactants and
the reaction time [6,24]. Previous works proposed kinetic models to
describe the building blocks technique process and the influence of the
synthesis parameters in the homo and heteroaggregations balance [6,
27]. The models were based on spherical nanoparticle morphology,
merely modifying the particle’s radius. Therefore, the applicability of
these models to systems with variable morphology reactants, such as
BiVOQy, is hindered.

In this context, we studied in this work the formation of TiOy/BiVO4
heterostructures based on heteroaggregation of preformed nanocrystals
under hydrothermal conditions. The photocatalytic efficiency of the
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heterostructured materials was used to evaluate the applicability of the
synthesis method by comparing them with pristine anatase TiO2 and m-
BiVOy4. The influencing factors were the molar ratio of the precursors,
reaction time, and pH synthesis conditions.

2. Experimental section
2.1. Synthesis

Titanium dioxide was synthesized according to Mendonca and col-
laborators [28], where 5 mL of C15H2804Ti (97%, Sigma Aldrich) was
added in a 2:1 M ratio solution of Hy02 (30%, Dinamica) and NH4OH
(28%, VETEC) respectively. The resulting solution, denominated peroxo
ammonium titanate (PAT), was repeatedly heated to 60 °C and cooled in
an ice bath until attaining a gel consistency. The yellow gel was washed
with distilled water, centrifugated, dried at 80 °C, and macerated. The
resulting powder was crystallized in distilled water with a concentration
of 2 g L™! for 2 h at 200 °C in a hydrothermal reactor.

The BiVO4 was prepared as described by Lopes and collaborators
[29]. Firstly, 2.03 g of Bi(NO3)3e5H50 (98%, Exodo Cientifica), 0.47 gof
NH4VO3 (99%, VETEC), and 2.5 mL of Hy05 (30%, Dinamica) were
added to 117.5 mL of distilled water under vigorous stirring. The com-
plex was crystallized at below 200 °C for 12 h in a hydrothermal reactor,
and the result was the formation of a yellow powder, which was washed
several times with distilled water and dried at 80 °C.

The heterostructures were assembled by the building blocks tech-
nique [6,24], using the TiO, (anatase) and the BiVO,4 (monoclinic)
precursors described above. The synthesized precursors were added to
an aqueous dispersion in different molar ratios (1:2, 1:1, 2:1, and 10:1
(Ti02:BiVOy4)) in a hydrothermal reactor and crystallized under 200 °C
for 12 h. The low solubility of the precursors in water maintains the ratio
of the reagents added to the hydrothermal reactor after the synthesis
reaction. During the pH tests, HNO3 and KOH solutions adjusted the pH
value inside the hydrothermal reactor to 4, 7, or 10.

For the precursor addition (PA) technique [23], a previously syn-
thesized precursor was incorporated during the first stage of the second
precursor synthesis process. The anatase TiO5 was merged in the BiVO4
synthesis process, producing the labeled TiO2/BiVO4 PA sample, and the
synthesized BiVO4 was added during the PAT synthesis process,
assembling the BiVO4:PAT PA sample. The molar ratio of the materials
was kept at 2:1 of TiOy/BiVOy.

2.2. Characterization

X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), energy dispersive X-ray
Spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR),
ultraviolet-visible diffuse reflectance spectroscopy (DRS), Photo-
luminescence (PL), and time-resolved photoluminescence (TRPL) mea-
surements were used to characterize the samples. N, adsorption at low
temperature was used to obtain specific surface area (SSA) data applying
the BET model. The measurement parameters and equipment

Fig. 1. SEM images and XRD spectrum of the: a) anatase TiO, and b) m-BiVO,4 precursors.
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Fig. 2. XRD pattern (a) and FTIR spectra (b) of the building blocks heterostructures in 1:2, 1:1, 2:1, and 10:1 TiO,/BiVO, proportions and the neat precursors.

Table 1
Crystallite size calculated through Scherrer’s equation.
Directions TiO,2h  TiO5,12h m- 1:2 1:1 2:1 10:1
BiVO,
[101] TiO, 17.0 19.4 - 20.9 18.6 18.1 17.4
[112] BiVO, - - 26.2 29.4 28.4 28.4 29.4

descriptions are presented in the supplementary information.

2.3. Photocatalytic properties

The photocatalytic properties of the heterostructures and precursors
were investigated by analyzing the methylene blue (MB) degradation
under visible (sunlight) and UV light (A = 256 nm) irradiation. For the
experiments, 5 mg of the catalysts were taken into 20 mL of aqueous MB
solution (5 mg L™!) and irradiated for 5 h. UV-Vis spectroscopy mea-
sures at 664 nm wavelength followed the MB concentration decay.

For the repeatability tests, the Het 2:1 annealed per 12 h was used for
MB dye photodegradation under UV radiation. After the photocatalysis
tests, the catalysts were washed and maintained immersed in distilled
water for dye desorption. The procedure was performed in triplicate.

The photodegradation mechanism was evaluated by adding scav-
engers, potassium iodide (KI), and tert-butanol (TBA - C4H9OH), which
were used to probe positive holes (h™) on semiconductors valence band
and *OH radical, respectively.

3. Results and discussions

The morphology and crystalline phase of the anatase TiO2 and m-
BiVOy4 precursors in Fig. 1 show that the TiOy precursor (Fig. 1(a)) ex-
hibits agglomerates with different sizes and shapes [9,10,22]. At the
same time, the BiVO4 (Fig. 1(b)) reveals a fishbone-like morphology [30,
31]. The XRD patterns of the precursors inserted into the micrographs

exhibit well-defined diffraction peaks indexed according to the diffrac-
tion database PDF#21-1272 and PDF#75-1866 of anatase TiO5 and
monoclinic BiVO4 (m-BiVOy), respectively.

The building block technique was used to tune the photocatalytic
properties of TiOy and BiVO,4 with different (10:1, 2:1, 1:1, and 1:2)
molar ratios by forming heterojunctions. The prepared heterostructures
were analyzed by XRD and FTIR can be seen in Fig. 2. XRD patterns of
the heterostructures in Fig. 2(a) show anatase TiO; and m-BiVO4 phases.
The intensity of the anatase TiO, diffraction peaks was directly depen-
dent on the proportions.

Fig. 2(b) reveals stretching vibrations assigned to O-H groups at
3260 cm !, whose intensity tends to increase at high TiO, ratios. Similar
behavior is observed in the 1648 cm™! band, which is associated with
bending modes of water Ti—-OH [32]. A Bi-O bending vibration band can
be noticed at 1356 cm ™! [13]. In addition, a small band is observed at
2980 cm !, associated with the C-H stretching of the titanium(IV) iso-
propoxide used in the PAT synthesis step [33].

The average crystallite size of the studied materials was calculated by
Scherrer’s equation [8,34] and arranged in Table 1. The results showed
similar crystallite sizes for precursors and heterostructures, revealing
unchanged crystal sizes after the formation of the heterostructures by
the building blocks methodology.

Representative SEM images of the TiO,/BiVO4 heterostructures are
presented in Fig. 3(a—d), where the arrows point out TiO regions. It is
possible to observe several areas composed of both precursor materials.
The morphology of the heterostructures was similar to the precursor
SEM images in Fig. 1, as expected from the building blocks methodology
[6,24]. It is an important feature of the system since it is ensured that
heterostructures will keep the nanoparticles morphologies.

HRTEM image of the HET 10:1 sample in Fig. 3(e) evidence contact
regions between TiO» and BiVO4. The image shows the lattice fringes
corresponding to the interplanar distance of 0.348 nm to the (101)
crystalline plane of TiO, and 0.312 nm associated with the (112) crys-
talline plane of BiVOg4. The (400) crystalline plane was observed in both
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Fig. 3. SEM images of the a) Het 1:2, b) Het 1:1, c¢) Het 2:1, and d) Het 10:1 samples with the anatase TiO, indicated; e) TEM image indicating the fringes and the
interplanar distances in HET 10:1; f) HRTEM at the semiconductors contact area; EDX elemental mapping of g) Ti, h) Bi, and i) V.

TiO5 and BiVO4 phases with interplanar distances of 0.238 nm and
0.292 nm, respectively. As proposed by Ribeiro et al., particle coales-
cence occurs with the collision or relative rotation of similarly orien-
tated particles, called oriented attachment (OA) [27,35]. Thus, this is
the primary mechanism for heterostructure formation under hydro-
thermal annealing.

The TEM image (Fig. 3(f)) and EDX mapping (Fig. 3(g-i)) show the
materials interface region and the elemental distribution, respectively.
The EDX measures confirm the occurrence of Ti, Bi, and V elements in
distinct locations of the image. The image shows that the Bi and V ele-
ments are darker and more present in the structure and are covered with
smaller TiO, particles. Quantitative EDX analysis can be seen in Fig. S1.

The optical properties of the samples were studied using UV-vis
diffuse reflectance spectroscopy (DRS), and the bandgap energy was
experimentally determined by the Tauc plot from the line intersection in
Fig. 4. The bandgap values for all the studied heterostructures are
described in Table 2. The calculations were conducted assuming that m-
BiVO,4 and anatase TiO, have an indirect transition. As a result, the

bandgap of the TiO5 and BiVO4 precursors was given in 3.50 and 2.64
eV, respectively, corroborating with the bandgap values of the hetero-
structures in Table 2. Het 2:1 sample attained the values of 3.53 and
2.71 eV.

The specific surface area (SSA) and particle size of the hetero-
structures and precursors are shown in Table 3. The calculations and
approximations used can be found in the supplementary material.
Comparing the crystallite size information from Table 1 and the calcu-
lated diameter of the particles in Table 3, it is possible to consider that
TiO4 is a monocrystalline material [36].

The photocatalytic activity of the synthesized heterostructures in-
dicates the charge migration in the materials interface created by the
heteroaggregation process during hydrothermal treatment. Therefore,
photocatalytic activity can be used to evaluate the formation rate of
heterostructures according to the synthesis parameters. The following
set of equations describes the possibilities of particle interaction
occurring during hydrothermal treatment and allows an understanding
of the influence of the synthesis parameters on the heterostructures
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Table 2

Bandgap values of the samples Het 1:2, 1:1, 2:1,and 10:1.

Samples Energy (eV) - Vis Energy (eV) - UV
Het 1:2 2.61 3.41
Het 1:1 2.64 3.50
Het 2:1 2.71 3.53
Het 10:1 2.78 3.53
Table 3

Specific surface area of isolated samples and heterostructures.

Sample SSA (m?g™!) Apparent diameter (nm)
TiO, 2 h 69.7 20.3

TiO, 12 h 59.8 23.7

BiVO,4 1.7 576

Het 1:2 13.7 -

Het 1:1 26.7 -

Het 2:1 45.6 -

Het 10:1 49.7 -

formation.

As mentioned, the reaction occurring in the building blocks tech-
nique produces homo- and heterostructures following the reactions
below:

TlOZ + BlV04 - (TiOZ/BiV04)Heterastmcture 1
TiO; + TiOz — (TiOA/TiO2)Homostructure 2
BlV04 + BlV04 d (BIV04/BlVO4) Homostructure 3

where equation (1) describes the heterostructure formation, while
equations (2) and (3) describe homostructure formation. For the het-
erostructure formation, the rate law can be ascribed as:

d[(TiO,/BiVO,)

7 Hezeroslmcmre] — k[TlOz] [Blv04] 4

However, the quantitative value for [TiO2] and [BiVO4] is not simply
their molar concentration since only the materials’ surface is available
to produce heterostructures. By analyzing equation (4), it is possible to
infer that the increase in the species concentration results in enhance-
ments in the rate of heterostructures formation. On the other hand, it is
inaccurate since the rise in the species concentration raises the
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Fig. 5. Photodegradation of the MB dye under UV light irradiation in the
presence of samples synthesized in different conditions: a) precursors molar
ratio, b) treatment time, and c) pH.
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possibility of homoaggregations formation, as described in equations (2)
and (3). This fact can be directly seen in the TEM image shown in Fig. 3
(f). The homostructures have their particle movement in the medium
surpassed because of their high hydrodynamic radius, and the capability
of heterostructure formation can be reduced. Therefore, the fine control
of the proportion of the material is a primordial factor for obtaining an
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improved number of heterojunctions.

Fig. 5 displays the photocatalytic performance of the as-synthesized
materials. Fig. 5(a) shows that the 2:1 ratio has better photocatalytic
performance than the other ratios evaluated, demonstrating that this
ratio achieves an adequate number of effective heterojunctions during
hydrothermal treatment. The sample obtained with a ratio of 1:2
showed a photoactivity equivalent to the intact BiVO4 catalyst.

On the other hand, samples prepared with molar proportions varying
from 1:1 to 10:1 showed superior photoactivity compared to the isolated
TiO5 and BiVOy4 catalysts. It is interesting to notice that the Het 2:1
sample, compared with Het 10:1, has a lower concentration of TiO,,
which is the most photoactive precursor. This fact evidences the
importance of interface formation and the charge migration on the ef-
ficiency of the materials. It is essential to notice that the isolated TiO2
and BiVO4 materials, synthesized in the same conditions as the hetero-
structures, were also evaluated to exclude surface modifications. These
tests aim to strengthen the hypothesis of the necessary charge migration,
granting a contrast for the improved photoactivity of the hetero-
structures, which might be attributed to the charge migration through
the interfaces between TiO; and BiVO4 materials, shown by TEM images
in Fig. 3.

Treatment time is also crucial for controlling the production of more
active materials. From Fig. 5(b), we can observe that long reaction times
alter the photocatalytic performance of the prepared materials. Heat
treatment of the preformed materials in a 2:1 (Ti:Bi) ratio up to 24 h of
reaction indicates significant improvement of the photocatalytic activ-
ity, possibly attributed to the formation of heterojunctions between the
materials. However, the sample treated at 48 h decreased photocatalytic
performance. This drop in behavior can be attributed to the formation of
homojunctions that reduced the recombination of the electron-pair
charge carriers less effectively than heterojunctions.

Finally, the heteroaggregation process can also be maximized by the
electrostatic interaction of the particles. For this reason, the influence of
the medium pH on the heterostructures formation was evaluated by
synthesizing the Het 2:1 sample in different pH values. In the literature,
the pH of the precursors TiO, and BiVO,4 are about 6 [37,38] and 3.5
[39-411, respectively. Fig. 5(c) shows no significant change in the
photocatalytic properties of the heterostructure prepared at different
pH, indicating that under the temperature conditions analyzed, pH has a
negligible influence on the interaction between the particles.

Photoluminescence measurements were conducted to study the
electron transportation in the Het 2:1 heterostructure and pristine TiO5
and BiVO4. Fig. 6(a) demonstrates that TiOs shows high-intensity
emission excited at 355 nm, compared to BiVO4 and the evaluated
heterostructure (Het 2:1), which showed similar intensities. This
observed intensity is commonly associated with recombination rate, i.e.,
the TiO, sample exhibits a higher recombination rate under UV radia-
tion than pure BiVO4 and the heterostructure (Het 2:1) [42,43].

The primary reaction mechanism involved in the photodegradation
process of the Het 2:1 catalyst was investigated utilizing scavengers of
the reactive species. Tert-butyl alcohol (TBA) and iodide anions were
used as trapping agents for hydroxyl radicals and photogenerated holes,
respectively. The results in Fig. 6(b) show that there is no significant
change in the photocatalytic ability of the tested materials in the pres-
ence of TBA, indicating that the indirect reaction mechanism, which
involves hydroxyl radicals, has an unimportant involvement in the
system. Conversely, the addition of iodide anions reduced the photo-
degradation capability of the Het 2:1 catalyst by approximately 30%,
revealing that photogenerated holes play a critical role in the direct
oxidation of the studied organic dye.

The repeatability test, in Fig. 6(c), was performed to observe Het 2:1
capability to maintain its photocatalytic response. The experiments were
performed sequentially per 5 days, and the 6th measure was performed
after 67 days of the first measure. The results reveal that the catalyst
activity declined around 5% after the first measure, and the values kept
stable during the sequential tests. Past 67 days from the first measure,



F.C. Soares et al.

Materials Chemistry and Physics 290 (2022) 126588

a § (101) TiO, = 20.5 nm b
3 (112) BivO,=31.5 nm T T
I f
: 2 3
s s
> o
: S| z
s = £
£ = “ £
o
2
| |
»J i vw‘Uk ‘ *J" U M U
10 70 4000 35I00 30IOO ZSIOO ZOIOO 1 SIOO 1 OIOO 560

20/ (degree)

x5,000

Sum

Wavenumber / (cm™)

Fig. 7. Analyses of sample 2:1 after a photocatalytic cycle of 5 h, where a) is the XRD data, showing the crystallite sizes obtained by Scherrer equation; b) is the FTIR
spectrum, indicating bands associated with MB presence; ¢) SEM images; d) SEM image of the catalyst previously to the photodegradation test.

Het 2:1 demonstrated MB photodegradation percentual comparable
with its first use.

Maintaining the catalytic capacity of material even when stored and
reused several times is an essential characteristic for scale-up processes.
Therefore, the structural and morphological changes after photo-
catalytic tests were performed. Fig. 7 (a) shows the XRD data and the
crystallite size obtained by the Scherrer equation. It is possible to
observe that after 5 h active during the photodegradation test, the
crystallite size has slightly altered, yet, the catalyst does not present
structural modifications if compared with XRD data in Fig. 2 (a). Fig. 7
(b) exhibits the FTIR spectrum of the surface of the post-measurement
catalyst, where low-intensity bands associated with MB presence
confirm interactions of the catalyst with the MB dye [44]. This factor can
be related to the slight drop in the catalyst capability to photo-
degradation after its first use. However, the presence of MB on its surface
does not affect the catalyst’s performance after the second cycle. After
days of storage in distilled water, the MB might be desorbed from the
catalyst surface or degraded, resulting in the recovery of the photo-
degradation capability of the catalyst as close as observed in its first use.
The morphologies of the prepared materials were analyzed before (Fig. 7
(d)) and after (Fig. 7(c)) the photocatalytic tests and revealed no sig-
nificant changes, indicating that the catalytic process occurs without
catalyst dissolution. Therefore, the occurrence of a heterogeneous pro-
cess is assured, which makes possible the reuse of the catalyst, as verified
by the experimental data.

Despite intensive research, the main restrictions in heterogeneous
photocatalysis remain related to the low utilization of visible light since
most semiconductors need UV light to be activated [44]. Therefore,
whereas the BiVO4 can be activated under visible radiation, experiments
of MB dye photodegradation were carried out under solar light by
samples annealed for 12, 24, and 48 h. The results, presented in Fig. 8
(a), demonstrated that the Het 2:1 annealed per 24 h reached increased
photodegradation activity, surpassing bare TiO,.

The heterojunction formation was evaluated from the lifetime (t) of
the charge carriers measured via time-resolved photoluminescence
(TRPL) of the BiVO4 and 2:1 samples under visible radiation. Fig. 8(b)
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Fig. 8. Photodegradation test under visible light (a); and TRPL (lifetime decay)
curves of the BiVO4 and 2:1 samples (b), where the powder was excited at 409
nm and photoluminescence was monitored at 545 nm.
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Fig. 9. Photocatalytic activity of prepared samples by building blocks and
precursor addition methods.

exhibits the decay of PL intensity monitored at 545 nm and excited by a
laser source centered at 409 nm for both samples. The PL decays of the
samples were fitted with a first-order exponential function to calculate
the lifetime of the electron/hole pair. The PL lifetime of the band-band
emission (i.e., the electron/hole pair recombination) for the 2:1 sample
was 107.40 ns. In comparison, the BiVO4 sample was approximately
107.15 ns, confirming the higher lifetime of the electron/hole pair of the
heterostructure. This result agrees with the photoluminescence mea-
surements in Fig. 6(a), ensuring that the heteroaggregation process
successfully formed the heterojunction between TiO; and BiVO4 during
hydrothermal annealing of the preformed nanoparticles.

In Fig. 9, we can observe that Het 2:1 sample, prepared by the studied
building blocks technique, had its photocatalytic activity compared with
the heterostructures assembled by the precursor addition (PA) method.

Molar ratio

Ti0, 2

b)

hy

Treatment time .

~
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The PA samples were prepared by adding TiO, during the BiVO4 syn-
thesis (TiO2/BiVO4 PA) and BiVO4 during the PAT synthesis (BiVO4/
PAT PA). It is interesting to observe that the addition of another pre-
cursor during the TiO2 or the BiVO4 synthesis did not result in relevant
variations in the MB photodegradation. This fact suggests that crystal
growth based on heterogeneous nucleation is not an efficient mechanism
for forming TiOy/BiVO4 heterostructures. In contrast, improvements
were found with the Het 2:1 sample from the building blocks technique,
which was prepared with the improved synthesis conditions studied in
this article.

In general, adjusting the synthesis parameters in the building blocks
technique allowed reasonable control of the synthesis product. As
illustrated in the compiled data of Fig. 10 (a), the kinetic of the collision
of the particles in the hydrothermal reactor, which is guided by the
proportion of precursors, medium pH, and time of treatment, favored
the formation of heterojunctions over homojunctions. The generated
heterostructures presented enhanced photoactivity under UV and sun-
light radiation exposure compared with the pristine precursors. As
mentioned, the photoactivity improvements might be attributed to the
charges migration promoted by the formation of interfaces in the Het 2:1
heterostructure, as schematized in Fig. 10(b).

4. Conclusions

The heteroaggregation of preformed materials from hydrothermal
treatment was successfully explored in synthesizing TiO2/BiVO4 heter-
ostructured. The synthesis parameters such as materials proportion,
treatment time, and pH influence the heterostructures formation. The
micrographs confirm the intimate contact of the anatase TiOy and m-
BiVO4 particles in forming the desirable heterojunction. Besides, the
photocatalytic performance of the synthesized materials in methylene
blue photodegradation under UV radiation reveals that, except for Het
1:2, all the prepared heterostructures had enhanced photoactivity
compared to pristine anatase TiO3 or m-BiVOy4. The higher activity was
observed by the 2:1 proportion of TiO2/BiVO,4 annealed per 24 h in pH 7,
which is attributed to the higher collision rate between the different
materials during hydrothermal annealing. The photoactivity was also
evaluated under visible light resulting in increased response compared

BIVO,

“Oxidation

% N
-
1

(MB)ads I

MB degradation
products

Fig. 10. Compiled data illustrating the influencing factors to promote heterojunctions of TiO, and BiVO,4 with higher photoactivity (a) and illustration of the charge
migration occurring during the photodegradation of MB dye in the presence of Het 2:1 catalyst (b).
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with anatase TiOy and m-BiVO4 precursors. Repeatability tests show a
photocatalytic efficiency decay of around 5% during sequential tests. A
new measure with the same catalysts used for repeatability tests dem-
onstrates that after 67 days, the catalysts are still operational. Addi-
tionally, the heterostructures prepared by the building blocks technique
were verified to have improved photodegradation performance toward
those prepared through the precursor addition technique, showing the
proposed method’s applicability in obtaining heterostructures
composed of singly synthesized materials.
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